It was established that nonviable cells of mycobacteria or fractions thereof affect host resistance to heterologous infections (Dubos and Schaedler, 1957; Williams and Dubos, 1959; Weiss, 1960; Weiss, Bonhog, and Parks, 1964) . That filtrates of cultures of virulent mycobacteria also contain a fraction which enhances resistance to heterologous infections has not been reported.
The present report consists of a study of the action of Seitz-filtrates of cultures of Mycobac-1 Presented in part at the 64th Annual Meeting of the American Society for Microbiology, Washington, D.C., 4 May 1964. terium tuberculosis on susceptibility of mice to infection with Klebsiella pneumoniae and, to a limited extent, with Diplococcus pneumoniae. Filtrates of other mycobacteria were examined with respect to resistance-enhancing activity.
MATERIALS AND METHODS
Female CF1 mice weighing 20 to 22 g each were used in the study. The animals were fed a casein-supplemented, defined ration (Hedgecock, 1955) containing a mixture of purified fatty acid esters (no. 2) as a source of fat (Hedgecock, 1958) .
The H37Rv and H37Ra strains of M. tuberculosis were obtained from William Steenken, Jr., Trudeau Foundation, Saranac Lake, N.Y. In preparation of the H37Rv filtrates used throughout this study, the H37Rv strain was grown 6 to 8 weeks in a shallow layer of Kirchner medium contained in Erlenmeyer flasks. At the end of the incubation period, the culture fluid was siphoned from under the cellular pellicle into a Seitz filter equipped with a 2-liter glass reservoir. The sterile filtrate was employed for studies of protective action. The H37Rv cells were killed by exposure to 2% phenol for 24 hr (Dubos and Schaedler, 1957) , followed by washing several times with water and then with acetone. The acetone-treated cells were allowed to dry in the the air for 24 hr, and were then stored in vacuo over calcium chloride.
The group of microorganisms assembled for a comparative study of their resistance-enhancing activity against infection with K. pneumoniae (type C) are identified in the subsequent paragraph. The following atypical mycobacteria were originally obtained from Ernest Runyon, Vet- RESULTS Initially, a determination was made of the effects of the route of inoculation of the H37Rv filtrate and of the challenging organism on the resistance-enhancing activity of the protective filtrate. Groups of ten mice were injected iv or intraperitoneally (ip) with 0.2 ml of H37Rv filtrate; 24 hr later, each group was challenged iv or ip with graded doses of K. pneumoniae from which the LD50 was calculated (Table 1) . The increase in resistance of mice to infection was greatest when protective and challenge injections were administered by identical routes. Under these conditions, the H37Rv filtrate protected against 7 to 9 LD50, whereas administration of the filtrate by dissimilar routes resulted in protection against approximately 4 LD50. K. pneumoniae was significantly more virulent for the mice when injected ip.
To determine the onset and duration of resistance, six groups of ten mice each received a single dose of H37Rv filtrate at periods ranging from 4 hr to 7 days prior to challenge with 3 LD50 of K. pneumoniae. Mice injected with saline solution served as controls (Fig. 1 ). All control mice died of infection within 24 hr. In mice which had received the H37Rv filtrate, resistance was significantly increased after 4 hr, and was maximal at 24 hr. Resistance diminished thereafter, but was still demonstrable 7 days after injection of the filtrate.
An examination was made of the multiplica- (Fig. 2) . Between the 4th and 12th hr after infection, the number of bacteria in the lungs of the saline-treated mice increased logarithmically. At the 12th hr, four of the five remaining mice were dead. In the filtrate-treated mice during the same period, the average bacterial count did not increase, and certain of the animals exhibited a marked reduction in the bacterial count of the lungs. There was great variation in the bacterial counts from lungs of individual mice at 29, 53, and 77 hr after infection, with a general increase in the number of bacteria recovered. However, organisms were not recovered at the lowest dilution used (1 :2,000) from the lungs of one of the group of five mice at 53 and 77 hr after challenge. In two groups of control mice (20 animals each) treated with saline and H37Rv filtrate, there were mortalities of 95 and 10%, respectively, 29 hr after challenge.
A similar experiment was performed in which a smaller, nonlethal challenge dose of K. pneumoniae was used (1.2 X 106), and interval counts were made of the bacteria present in the lungs, liver, spleen, and kidneys. In this experiment, the respective organs from the group of five mice were pooled and were homogenized in four tubes. The results (Fig. 3) saline-treated animals, the number of bacteria had increased approximately tenfold 24 hr after challenge, with a decline in number thereafter. In the filtrate-treated mice, there was a slow decline in number of organisms in the lungs, liver, and spleen throughout the experiment.
The protective effect of the H37Rv filtrate against infection with K. pneumoniae was compared with that of phenol-killed cells obtained from the same culture of M. tuberculosis. The cells were injected iv and ip at a dose-level of 6 and 60 pug per mouse. E. coli liposaccharide B was also included in the experiment, at a dose of 10 pAg per animal. The mice were challenged with 2.5 LDs0 of K. pneumoniae 48 hr after injection of the nonviable cells and the endotoxin. The H37Rv filtrate was administered 24 hr before challenge ( Table 2 ). The prior injection of phenolkilled cells of M. tuberculosis at the 60-but not at the 6-,ug dose-level protected a significant number of mice against infection with K. pneumoniae when challenged by the iv or ip route; 10 pAg of lipopolysaccharide B were likewise effective in enhancing resistance.
Because in the studies of the resistance-enhancing properties of the H37Rv filtrate conducted thus far a gram-negative bacillus had been employed for challenge, an investigation was made of the effect of the filtrate on susceptibility to infection produced by a gram-positive coccus, Because accelerated clearance may accompany enhanced resistance to infection, the effect of H37Rv filtrate on carbon clearance from the blood was determined. The clearance of intravenously injected carbon was determined in two groups of mice, one of which had received, 24 hr previously, an iv injection of saline, and the other, the H37Rv filtrate (Fig. 4) . The rate of clearance of intravenously injected carbon was increased significantly in the mice pretreated with the H37Rv filtrate. The global phagocytic index of the control mice was 0.047, and that of the filtrate-treated mice was 0.236.
It was of interest to compare the resistanceenhancing properties of representative strains of a variety of mycobacteria and related microorganisms. For this purpose, phenol-killed cells of the organisms were injected iv into mice at a level of 60 and 600 ,ug/ml; 0.4 ml of the filtrate of each culture was also injected into other groups of mice. All animals were challenged with 4 LD50 of K. pneumoniae 48 hr after injection of the cells and 24 hr after injection of the filtrates (Table 4 ). The injection of the largest dose of killed cells of all the microorganisms examined conferred a significant degree of protection to mice against infection with K. pneumoniae. The filtrates from cultures of the following organisms failed to enhance resistance upon injection into mice: strains P-44 and P-48 of group III and strains P-335 and P-380 of group IV unclassified mycobacteria; strain H37RA of M. tuberculosis; and strain BCG of M. bovis, M. avium, M. phlei, and N. asteroides. The injection of all other filtrates conferred significant degrees of resistance upon the recipient animals. With the exception of M. smegmatis, resistance-enhancing activity was restricted to filtrates from pathogenic mycobacteria.
DISCUSSION
Because cells of M. tuberculosis exhibit resistance-enhancing activity, it is not surprising that such activity can also be demonstrated in filtrates of old cultures of the organism in which varying degrees of cellular autolysis have occurred. Such a relationship was observed in other organisms (Boor and Miller, 1944 ). It appears significant that resistance-enhancing activity was found only in culture filtrates from mycobacteria which cause progressive infection in experimental animals, with the greatest activity observed with culture filtrates from the most virulent mycobacteria. Because the resistance-enhancing factor has not been isolated, determinations of its toxicity have not been made. Should the resistance factor possess toxic properties similar to those of the lipopolysaccharides from gramnegative bacteria, it is conceivable that the factor might contribute significantly to the virulence of the mycobacterial pathogens. Youmans and Youmans (1964) postulated the existence of a mycobacterial lipopolysaccharide in explanation of their observations concerning the effects of mycobacterial cells on susceptibility to tuberculosis infections.
The cells from practically all of the mycobacteria exhibited protective effects when injected in sufficient amounts. With a reduction in the amount of cellular material injected, the spectrum of activity tended to conform more closely with that of the culture filtrates. It is possible that the lack of specificity may be attributed to factors such as the particulate nature of the cell suspension and the presence in the cell of concentrated adjuvant material, the activity of which was superimposed upon the activity of the resistance-enhancing factor released in the culture filtrate.
The degree of protection afforded by the H37Rv filtrate was not absolute, and coul be negated by increasing the challenge dose of K. pneumoniae. The route by which the filtrate was administered, as well as the time interval between injection of the filtrate and the challenge dose of organisms, also affected resistance-enhancing activity. Enhancement of resistance was maximal when the protective filtrate and the challenge dose were administered by the same route. Similar observations were made by other investigators in the case of the resistance-enhancing activity of zymogen against infection with K. pneumoniae (Kisher, Lindh, and De Mello, 1956 ) and of the protective action of E.
coli endotoxin on typhoid infection (Hook and Wagner, 1959) . Resistance appeared to increase regularly for approximately 24 hr after injection of the H37Rv filtrate, without an initial depression of resistance. These findings are similar to those obtained by Weiss et al. (1964) in studies of the activity of methanol extracts of mycobacterial cells. The relatively rapid decline of resistance observed in our studies may have been related to the solubility of the H37Rv filtrate factor, which allowed rapid excretion from the host. When a lethal dose of K. pneumoniae was injected into normal mice, the organisms increased logarithmically for approximately 12 hr, at which time a critical lethal concentration of bacteria had been reached. Thus, the animals succumbed before effective resistive forces could be mobilized.
In the case of a smaller challenge dose, K. pneumoniae multiplied similarly in the tissues for approximately 24 hr, but a lethal concentration of bacteria was not attained. Immune mechanisms appeared to then become operative through which the bacilli were slowly eliminated from the host tissues.
When a lethal dose of K. pneumoniae was injected into mice pretreated with H37Rv-filtrate, the mechanisms of resistance appeared to become operative immediately, since growth of the organism was inhibited completely for 24 hr. During the next 65 hr, retarded growth of K. pneumoniae, which would probably lead to eventual death of the mice, occurred in approximately one-half of the animals. In the remaining animals, growth of the bacillus remained inhibited during this period and, in a few mice, K. pneumoniae appeared to be virtually eliminated from the tissues.
The demonstration of an enhanced rate of carbon clearance in mice pretreated with H37Rv filtrate would indicate that rapid phagocytosis of the challenging bacterium may have played a significant part in the preliminary phase of effective control of the invading bacillus. However, it is probable that other factors were ultimately responsible for survival of the infected mice.
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